Abstract
The genus Alteromonas, belonging to the family Alteromonadaceae in the phylum Proteobacteria, was proposed by Baumann et al. [1] . The genus Alteromonas was divided to two genera, Alteromonas and Pseudoalteromonas, based on the phylogenetic analysis of 16S rRNA gene sequences by Gauthier et al. [2] . Currently, the genus Alteromonas consists of 13 species with validly published names (http:// www.bacterio.net/alteromonas.html). The natural habitats from which species of the genus Alteromonas have been isolated are a variety of marine environments as well as marine organisms [1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Members of the genus Alteromonas are characterized as being Gram-stain-negative, chemo-organotrophic and motile with rod-shaped cells and having Q-8 as the sole respiratory quinone. Members of this group show diverse physiological and morphological features, including mercury resistance [4] and polysaccharide production [9] . Some species accumulate of poly-b-hydroxybutyrate (PHB) as intracellular reserve product [8] . In this report, we present a polyphasic study describing a novel strain isolated from a seawater sample from the Arabian Sea.
Strain JW12
T was isolated from surface seawater collected from the Arabian Sea. The seawater sample was stored at 4 C until use. Natural seawater agar (pH 7.2-7.4) supplemented with 0.05 % peptone (w/v; BD Difco) and 0.01 % yeast extract (w/v; BD Difco) was used for isolation. The seawater sample was diluted using the standard 10-fold dilution plating technique and spread on natural seawater agar. After 10 days of aerobic incubation at 30 C, one cream colony, designated JW12
T , was picked and purified by repeated restreaking. The purity was confirmed by the uniformity of cell morphology. The reference strain Alteromonas confluentis KCTC 42603 T was obtained from the KCTC (Korean Collection for Type Cultures). Unless otherwise stated, the two strains were routinely cultured in marine broth 2216 (MB; BD Difco) or on marine agar 2216 (MA; BD Difco) at 30 C and maintained at À80 C with 30 % (v/ v) glycerol.
Cell morphology and motility were examined using confocal laser scanning microscopy (TCS SP5, Leica) and transmission electron microscopy (JEM-1230, JEOL). The hanging drop method was used for motility testing. Cell morphology and ultrastructure were observed by transmission electron microscopy. For cell morphology observation, cells were negatively stained with 1 % (w/v) uranyl acetate solution. The section method was employed for ultrastructure observation following fixation with 2.5 % (v/v) glutaraldehyde and 1 % (w/v) osmium tetroxide, dehydration in gradient concentrations of ethanol (50, 70, 80, 90 and 95 %, v/v), transfer to pure acetone, section through a microtome and staining with 2 % (w/v) lead citrate and uranyl acetate. In order to identify the presence of PHB, the cells were stained with Nile blue A (sigma) and observed using fluorescence microscopy (DM5000 B, Leica) by the excitation of green light.
The temperature range for growth was determined by incubating cultures at 4, 15, 22, 28, 30, 37, 40, 43 and 50 C. The pH range for growth was determined in MB that was adjusted to pH 5.0-10.5 (in 0.5 pH unit intervals) using appropriate biological buffers (MES for pH 5.0-6.0, PIPES for pH 6.5-7.0, Tricine for pH 7.5-8.5 and CAPSO for pH 9.0-10.5) at a concentration of 50 mM. Evaluation of the pH values after autoclaving revealed only minor changes. The optimal NaCl conditions for growth were investigated by using NaCl-free MB (prepared according to the MB formula, but without NaCl) with different NaCl concentrations (0, 0.5, 1.0, 3.0, 5.0, 7.5, 10.0 and 15.0 %, w/v). Growth was monitored by measuring OD 590 in a UV/visible spectrophotometer (Ultrospec 6300 pro, Amersham Biosciences). Upper and lower limits for growth were confirmed when no growth was observed after the inoculated cultures were incubated for 30 days. Anaerobic growth was carried out with AnaeroPack (Mitsubishi) using sodium nitrate (20 mM) or sodium nitrite (10 mM) as a potential electron acceptor.
Gram reaction, oxidase and catalase activities, and hydrolysis of starch and Tweens 20, 40 and 80 were tested according to the methods of Dong and Cai [15] . The utilization of carbohydrates as sole carbon and energy sources was determined in BM medium [16] . The corresponding filtersterilized sugars (0.2 %, w/v), alcohols (0.2 %, w/v), organic acids (0.1 %, w/v) or amino acids (0.1 %, w/v) were added into the medium. Acid production was tested using marine oxidation-fermentation (MOF) medium supplemented with 0.5 % sugars [17] . API ZYM and API 20NE tests (bio-M erieux) were used to determine additional physiological and biochemical characteristics [18] . Sensitivity to antimicrobial agents was determined with a two-layer plate method [19] . The reference strain, A. confluentis KCTC 42603
T was used as a control in the above tests.
The cellular fatty acids of strain JW12 T and the reference strain were determined under identical conditions in parallel. The quadrant streak method was used to dilute the inoculum so that quadrant 3 contained cells in the late expontential phase of growth. Cellular fatty acid methyl esters were obtained from cells grown in quadrant 3 on MA at 30 C for 20 h and analysed according to the instructions of the Microbial Identification System (MIDI). Isoprenoid quinones were extracted from freeze-dried cells (200 mg) with chloroform/methanol (2 : 1, v/v) and analysed by LC-MS (Agilent). Total lipids were extracted and identified by two-dimensional TLC [20] . Molybdophosphoric acid was used for the detection of all lipids, ninhydrin reagent for lipids containing free aminolipids, ammonium molybdate reagent for phosphorus-containing lipids and a-naphthol reagent for glycolipids.
High-quality genomic DNA was obtained by using an AxyPrep Bacterial Genomic DNA Miniprep kit (Axygen, Corning), according to the manufacturer's protocol. The 16S rRNA gene was amplified and analysed as described previously [21] . PCR products were cloned into vector pMD 19-T (TaKaRa) and then sequenced to determine the almost-complete sequence of the 16S rRNA gene. The sequence of the 16S rRNA gene was compared with closely related sequences of reference organisms by the EzTaxon-e service [22] . The genomes of strain JW12
T and A. confluentis KCTC 42603
T were sequenced by Solexa paired-end sequencing technology with the Illumina HiSeq 2500 platform (Anoroad Gene Technology, Beijing). The average nucleotide identity (ANI) between two genomes was calculated using the algorithm [23] of the EzGenome web service and the Orthologous Average Nucleotide Identity Tool (OAT software) [24] . The genome-to-genome distance was calculated by GGDC [25] .
Based on the EzTaxon-e results, phylogenetic analysis was performed using the software tool MEGA 5 program package [26] . Phylogenetic trees were reconstructed by the neighbour-joining [27] , maximum-parsimony [28] and maximum-likelihood methods [29] with the MEGA 5 program package after multiple alignment with CLUSTAL W [30] . Evolutionary distances were calculated according to the algorithm of the Kimura two-parameter model [31] for the neighbour-joining method. The topologies of the trees were evaluated by using the bootstrap resampling method based on 1000 replications.
T was Gram-stain-negative, aerobic, motile, rod-shaped (0.7-1.2 µm in width and 1.5-2.2 µm in length) and divided by binary fission (Fig. S1 , available in the online Supplementary Material). Cells of the strain accumulated PHB (Figs S1 and S2). Colonies were cream, circular, convex, smooth and 1-2 mm in diameter after 1 day incubation at 30 C on MA. Strain JW12 T was positive for oxidase and hydrolysis of aesculin and Tweens 20, 40 and 80, susceptible to (µg per disc unless otherwise stated) chloramphenicol (30) , ciprofloxacin (5), erythromycin (15) , kanamycin (30) , neomycin (30) , nitrofurantoin (300), tetracycline (30) and vancomycin (30) , and resistant to cefalexin (30) , novobiocin (30) and penicillin G (10 IU). Detailed phenotypic characteristics are given in the species description and Table 1 .
The 16S rRNA gene sequence of strain JW12 T (1455 nt) was obtained. According to the EzTaxon result, the 16S rRNA gene sequence comparison with representative bacteria with validly published names indicated that strain JW12
T shared the highest 16S rRNA gene sequence similarity with A. confluentis (98.0 %), Alteromonas mediterranea (97.5 %), (Fig. 1) . The topologies of maximum-likelihood and maximum-parsimony phylogenetic trees indicated that strain JW12
T formed a cluster with the genus Alteromonas and represented an independent lineage ( Figs S3 and S4) .
The chemotaxonomic data supported the result of the phylogenetic analysis. The sole respiratory quinone found in strain JW12
T was ubiquinone-8 (Q8), in line with all members of the genus Alteromonas [32] . Fatty acids analysis revealed that the principal fatty acids of strain JW12
T were summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH), C 16 : 0 and C 18 : 1 !7c (34.0, 26.7 and 14.6 %, respectively), which were similar to those of the reference strain (25.6, 27.4 and 22.0 %, respectively; Table 2 ). However, minor differences in the proportions of several fatty acids were detected. For example, the amounts of C 12 : 1 3-OH and C 16 : 1 !7c alcohol (2.8 and 1.5 %) in the novel isolate were higher than those in the reference strain (0.5 and 0.4 %). Strain JW12
T possessed phosphatidylethanolamine, phosphatidylglycerol, two unidentified glycolipids and one aminophospholipid as the major polar lipid compounds, which were similar to those of A. confluentis KCTC 42603
T . In addition, strain JW12 T and A. confluentis KCTC 42603 T possessed moderate to minor amounts of one unidentified phospholipid and two unidentified glycolipids (Fig. S5) . However, one minor lipid was also present in A. confluentis KCTC 42603
T , but was not detected in strain JW12
T . The polar lipid profiles of strain JW12
T and A. confluentis KCTC 42603 T are shown in Fig. S5 .
The DNA G+C content of strain JW12
T was 48.4 mol%, a value in the range reported for members of the genus Alteromonas, i.e. 43.1-48.6 mol% [32] . Strain JW12
T and the reference strain exhibited an ANI value of 70.0 %, which was far below the threshold of 94-96 % that corresponds to the species boundary [33] , indicating a low taxonomic relatedness between strain JW12
T and its close relative. The genome-to-genome distance analysis revealed that strain JW12 T and A. confluentis KCTC 42603 T shared 21.3 % DNA relatedness, which was well below the 70 % cut-off point recommended for the assignment of strains to the same genomic species [34] .
T could also be distinguished from the type strain of its most closely related species by phenotypic characteristics, such as colony colour, catalase and urease activity, nitrate reduction, hydrolysis of gelatin, starch and Tweens 40 and 80, carbohydrate utilization, acid production and enzyme activities (Table 1) . On the basis of the phylogenetic analysis, genomic data and chemotaxonomic data, as well as phenotypic characteristics, obtained in this study, strain JW12
T represents a novel species within the genus Alteromonas, for which the names Alteromonas lipolytica sp. nov is proposed. 
